Objective: To determine the accuracy and acceptability of a handheld scale prototype designed for nonliterate users to classify newborns into three weight categories (X2500 g; 2000 to 2499 g; and <2000 g).
Introduction
Infant birth weight is widely used as an index of in utero health and development, and low birth weight (LBW), defined as birth weight <2500 g, is regarded as the single most important risk factor for neonatal mortality. 1 Identification of LBW newborns can facilitate the provision of appropriate anticipatory guidance (for example, feeding) and surveillance for and management of illness (for example, antibiotic dosing). In low-resource settings, where many births occur at home or in facilities that are minimally staffed and equipped, identifying these at-risk infants through the use of conventional weighing scales is impractical and unaffordable. This problem is compounded by the fact that the traditional birth attendant (TBA), or families themselves, may have low literacy and be unable to read or interpret the conventional scale.
A number of anthropometric measures obtained with an inexpensive tape measure, principally mid-arm or chest circumference, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] but also including thigh, 8, 17 or calf circumference, 18 mid-arm to chest ratio 16 or foot length, 13, 19 have been evaluated for use as surrogates to weighing. However, their accuracy is variable and their utility remains limited in practice. 13 In response to the need for a simple, inexpensive, portable scale, PATH worked in the 1980s to develop a scale that would meet requirements defined by TBAs and midwives in Africa for a 'go, nogo' indicator of LBW. The BIRTHweigh I, a color-coded, stainless steel scale, was developed, tested and modified for market through United Nations Children's Fund (UNICEF) procurement as BebéWey. Cost of this first version of the device in the context of its perceived utility limited its widespread use. PATH modified this scale to create an inexpensive molded plastic version of the spring scale, which consists of a cloth sling, a precision coil spring and a stepped, color-coded indicator that protrudes from the top of the scale to indicate the newborn's weight category (LBW or normal birth weight, NBW). Readings could be made in the dark by feeling which step of the indicator was protruding. This BIRTHweigh II scale was successfully field tested in Egypt, 20 but commercialization was hindered by the absence of an appropriate business partner and a well-defined market niche.
The technology was recently advanced with the development of the BIRTHweigh III scale, which builds upon the low-cost BIRTHweigh II design with the inclusion of a third weight category: very low birth weight (VLBW, defined here as <2000 g). Categories are identified by visually observing color-coded, stepped, protruding indicators. These indicators can be observed by touch where adequate lighting is absent. The BIRTHweigh III scale measures 18.5 Â 6.5 Â 4.5 cm and weighs 91.5 g (Figure 1 ). The scale's precision coil spring is verified for accuracy to within ±100 g, and for longevity (that is, lack of drift in validity with repeated use) during cycle testing (>10 000 cycles) and cannot be recalibrated in the field.
The ability to identify multiple categories of birth weight is critical as the risk of adverse outcomes among LBW infants increases as birth weight decreases, and treatment, for example, gentamicin dosing in treatment for sepsis or vitamin A supplementation, differs for each category of LBW. 21, 22 In both hospital and community-based settings in South Asia, mortality is markedly increased among VLBW infants weighing <2000 g compared to LBW infants weighing 2000 to 2499 g at birth. [23] [24] [25] [26] [27] [28] A recent study in Nepal validated the use of the BIRTHweigh III scale by highly trained community health workers (CHWs), comparing it to the high-precision Seca Electronic Scale 890 (±100 g). Further validation among lesser trained CHWs, and qualitative research to determine the perceived appropriateness and acceptability of the scale in resource-poor settings was needed. 29 Objectives of this study were to determine the sensitivity and specificity of the BIRTHweigh III scale prototype for categorizing infant weight into either NBW (X2500 g), LBW (2000 to 2499 g) or VLBW (<2000 g) categories relative to a gold standard scale; and to assess the acceptability of the scale among recently delivered women (RDW), their families and various cadres of communitybased workers.
Methods

Study site and subjects
The study took place between October 2004 and December 2005, and was nested within a larger community-based randomized controlled trial to measure the impact of home-based essential preventive newborn care. The study site of Shivgarh block in Raebareli district, Uttar Pradesh, India has a population of 104 000 and 88% of births occur in the home. Subjects were recruited through twice a month home-to-home surveillance as part of the larger ongoing study, which aimed to enroll all pregnant women in the catchment area over the duration of the project.
Ethical approval was obtained from the Committee for Human Research at The Johns Hopkins University Bloomberg School of Public Health, the Ethics Committee at King George Medical University and the PATH Human Subjects Protection Committee.
Quantitative measurements
Sixteen local residents, who had no prior experience in a health program, and were independent of the program implementation team, were hired and trained to serve as data collectors for the study. Referred to as CHWs, they were trained for 2 days by the local project management team and by a representative from PATH, using verbal explanations, printed training materials and demonstrations in the field. Both the BIRTHweigh (n ¼ 8) scales, manufactured by PATH, and the Seca (n ¼ 8) Electronic Scale 890, solar-powered mother-and-baby platform scales manufactured for UNICEF, were factory calibrated, and were validated each morning using a series of known weights (that is, 1500, 1750, 2000, 2500, 2750 and 3000 g). We calibrated each of the BIRTHweigh III and each of the Seca scales each day, using a series of standard weights (that is, 3000, 2750, 2500, 2000, 1750 and 1500 g). If an error of 100 g or more was found repeatedly (for example, upon three consecutive measures) with a Seca scale, it was replaced. During the study, four Seca scales were replaced. For BIRTHweigh III scales, no change in color was observed against known weights, and no scale needed replacement.
A team consisting of two CHWs (eight teams) was notified of births by the Saksham Sahayak, the community-based pregnancy surveillance and project intervention workers. They visited the homes of newborns shortly after delivery (median time 17 h) and entered the postpartum room of confinement known as the 'saur' to administer a questionnaire regarding antenatal, birth and immediate newborn care practices, and to collect anthropometric data and measure vital signs. Informed verbal consent was received from the mother, the infant was completely undressed and placed in the cloth sling of the BIRTHweigh III scale and the color-coded weight category was noted. This process was repeated again, and if the weight category was the same each time, that category was recorded. If two categories were not observed in succession, a third measurement was taken, and the category that was observed twice out of the three measurements was recorded. Following this, the Figure 1 The BIRTHweigh III weighing device (without sling).
Validation of BIRTHweigh III scale GL Darmstadt et al weights of both the mothers and the mothers and babies together were measured by the Seca scale. The Seca scale was already being used by the local CHWs, and was considered the gold standard. Routine monitoring consisted of visits by a quality assurance team, which validated 25% of all measurements immediately after the CHWs left the infant's home. Deviations were recorded, reported and followed-up with the CHWs. In addition, three supervisors were rotated among the eight CHW teams and verified 25% of all weighings; moreover, twice in a month, both CHWs on a given team weighed the same infant in the presence of the supervisor, and any discrepancy in weight category assignment was sorted out.
Qualitative data collection Qualitative interviews were sought to reveal local knowledge and beliefs surrounding the use of newborn weighing scales in general. These beliefs can assist in interpreting the community's acceptance of the scale.
Community members. Field researchers conducted unstructured, open-ended and in-depth interviews with 18 RDW who had delivered a live-born infant in the past 12 months to elicit their perceptions of the acceptability of the two birth weight measurement options. Their family members (mothers, mothersin-law, husbands) were also invited to participate. The RDW and their family members together defined the 'community'. A question guide covered themes related to perceptions and local knowledge surrounding the weight of the newborn, perceptions and attitudes regarding the practice of weighing of the newborn, and perceived acceptability of the weighing scales themselves.
Community health stakeholders and providers. Five individual in-depth interviews were completed with local stakeholders, including one auxiliary nurse midwife, two unqualified village medical practitioners (Jhola Chap doctors) and two traditional healers. Field researchers conducted six focus group discussions: one each among CHWs who collected the weight data; Anganwadi workers (government-employed village-level health workers); nongovernmental organization (NGO)-employed village health workers and Nauns, women who provide oil massage for the newborn and mother in the postpartum period. Two focus group discussions were conducted among Saksham Kartas (community volunteers who assisted in promoting behavior change communications). 30 The goal of the focus group discussions, which each consisted of 6 to 10 participants, was to assess perceived patient comfort, safety, ease of use and accuracy of the measurement methods and overall preference.
Data analysis
Collected data were double entered in MS Access (Microsoft Corporation, Redmond, WA, USA) and analyzed using Stata 9.2 (Stata Corporation, College Station, TX, USA). Continuous weights recorded by the gold standard scale were rounded to the nearest 100 g and categorized, and estimates of the test scale's sensitivity, specificity, positive and negative predictive value, accuracy and k statistic were calculated. Sensitivity is defined here as the ability of the BIRTHweigh III scale to identify the true weight category (NBW, LBW or VLBW). Specificity is the ability of the test scale to exclude the incorrect weight categories. Positive predictive value is the proportion of newborns categorized into a specific weight category by the test scale who truly belong in that category. Negative predictive value is the proportion of newborns not categorized into a specific weight category by the test scale who do not truly belong in that category. Accuracy is defined as the degree to which a measurement conforms to the true value, and is also referred to as validity or conformity. The k statistic measures, the agreement between two assessors (the gold standard and test scales), and a statistic between 0.81 and 1.0 is considered to indicate a high level of agreement. 31 Regression analysis was used to examine the change in k statistic over sequential blocks of 200 subjects.
In-depth interviews and focus group discussions were taperecorded and transcribed in Hindi. The interview transcripts were analyzed through several stages of manual coding and discussion by the research team, and key terms were explored and defined. The findings were summarized in English.
Results
A total of 1100 newborns were enrolled and weighed by each scale within a mean time of 19.3±8.1 h after delivery. Each CHW weighed 60 to 90 (mean 68) newborns. The incidence of LBW based on measures by the Seca and BIRTHweigh III scales, respectively, was 27.5% (303 of 1100) versus 28.4% (312 of 1100); the incidence of VLBW newborns was 4.4% (48 of 1100) versus 5.5% (61 of 1100).
Classification of newborn weight
The BIRTHweigh III test scale correctly identified 95.4% of NBW infants as compared to the gold standard UNICEF Seca scale ( Table 1 ). The BIRTHweigh III scale correctly identified 90.4 and 91.7% of LBW and VLBW infants, respectively. A total of 68 newborns (6.2%) were incorrectly classified, making the overall accuracy of the BIRTHweigh scale 93.8%.
The BIRTHweigh III scale identified LBW newborns with sensitivity of 90.4%, specificity of 95.2% and with an accuracy rate of 93.9% (Table 2 ). The BIRTHweigh III scale incorrectly classified 13 of 351 LBW infants weighing 2000 to 2499 g as normal weight. Of these 13, 9 (69%) weighed 2400 g, 3 (23%) weighed 2300 g and 1 (7.7%) weighed 2200 g. Similar observations were found for the identification of VLBW newborns and normal weight newborns. Results were consistent across the eight BIRTHweigh III scales tested ( Table 3 ). The overall validity of the BIRTHweigh III scale increased during the time period of the study, as demonstrated when k statistics were calculated for consecutive blocks of 220 subjects (Table 4) . From a k statistic of 0.73 (95% CI: 0.61 and 0.85) for the first 220 measurements, the k statistic increased by 0.04 (95% CI: 0.01 and 0.08) for each additional 220 measurements taken (P ¼ 0.025).
Attitudes surrounding the use of weighing scales RDW and their families (that is, community members) identified benefits and barriers to having their newborn weighed. While interviewees reported a number of commonly held local beliefs, they did not seem to influence the community's response to the BIRTHweigh III device, illustrated by the fact that no family refused weighing of their newborn in this study.
Government-and NGO-employed health workers introduced weighing scales in the study area 4 years ago, and have since used incentives such as food and cooking oil to encourage families to have their newborns weighed. During interviews, some community members commented that some people only participate in the government-sponsored weighing if such incentives exist. Most women interviewed did not perceive any health-related reason to have their newborn weighed, but agreed that if someone came to the home to weigh the baby, as occurred in this study, they would comply, reasoning that everyone else in the community had agreed to have their newborn weighed at home, so they may as well.
A few respondents wanted to know their baby's weight to decide how much care should be given to the baby, but a larger group believed that the appearance of the newborn was a more significant determinant of the infant's health than its weight.
Barriers to weighing in the community
A number of negative weighing-related beliefs were reported, and low levels of knowledge regarding the rationale for weighting existed. When asked what reasons other community members may have for refusing weighing in the home, nearly all interviewees said that it would be due to fear of the consequences of inviting an outsider into the 'saur', the room in which the mother and newborn are confined after birth in an attempt to protect them from illness and malevolent forces. Most interviewees stated that outsiders could bring illness into the 'saur' and infect the newborn, and it was widely agreed that outsiders could bring the evil eye, the consequence of jealousy toward the newborn. The community concurred that people may hesitate to have their healthy baby weighed for this reason, within or outside the 'saur', for fear of making known a healthy newborn weight and thus inadvertently inviting disaster. One woman said that her grandson became thin 15 days after being weighed, attributing the weight loss to the weighing. Many community members agreed with one respondent who said, 'If someone has a plump and good looking baby, then she would usually try to hide the baby from outsiders, for fear of attracting the evil eye.' The final barrier to weighing in the home was the fact that the CHWs in this study were all male. Most respondents reported discomfort with the presence of unfamiliar males in the 'saur', who asked questions about labor and delivery that not even husbands would ask.
BIRTHweigh scale acceptability Community members. In general, when asked to compare the two scales in the study, community members preferred the 
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BIRTHweigh III scale to the gold standard Seca scale. Some commented that only the literate could make use of numeric weights, as displayed on conventional weighing scales. Most community members believed the BIRTHweigh III scale was an alternative well suited to illiterate people who could not read or interpret the Seca scale without assistance. It was also noted by some that even though the mother could be weighed on the Seca scale, the BIRTHweigh III scale provided an option for the baby to be weighed alone if the mother was unwell, and not able to stand on the scale to hold the newborn for weighing. Most interviewees were of the opinion that in contrast to the Seca scale that displayed a healthy numeric weight, the BIRTHweigh III scale, which does not show a specific weight, eliminates the risk of attracting the evil eye.
Some community members suggested that the Seca scale's method of weighing the infantFwhich consists of the mother holding her infant in her arms and then stepping onto the scaleFwas disadvantageous. Some interviewees hypothesized that newborns who are ill would refrain from crying out while in their mothers' arms, impeding the possibility for an illness to be diagnosed. In contrast, the BIRTHweigh III scale requires the infant to leave the mother's arms, and community members hypothesized that this could enable a greater recognition of illness in the infant. However, the opinion that the Seca weighing method was safer was raised, as some respondents questioned the integrity of the simple sling and plastic parts on the BIRTHweigh III.
Community health stakeholders and providers. According to village health workers, the BIRTHweigh III scale was preferred over the Seca scale because in the 'saur' there was just enough light to identify various colors on the BIRTHweigh III scale, but not enough to read the numbers on the Seca scale. The village health workers also commented that telling a mother the weight of her baby, for example 2000 g, is not as effective or meaningful as letting her see the red indicator color indicating danger. Other stakeholders noted potential advantages of having a numerical scale, but commented that the Seca scale was difficult to carry due to its weight. Stakeholders appreciated the BIRTHweigh III scale for its easy-to-use, color-coded, stepped weight categorizations.
The CHWs who used the scale in the community households provided several merits and demerits of the BIRTHweigh III scale as compared to the Seca scale (Table 5) .
Both the community members and the community health stakeholders and providers gave a number of suggestions relating to scale design, material and color. The recommended characteristics of a simple scale included: (1) for safety, the scale materials should be strong and durable, including the hook on which the bag is hung; (2) lining should be both soft and washable to prevent infection/pollution; (3) width of the sling should be increased so that the limbs remain comfortably in the sling, but not folded and (4) scale should display continuous numeric weights as well as the weight category.
Discussion
The BIRTHweigh III scale is an accurate alternative to the conventional weighing scale. With a high sensitivity and specificity, the scale is able to accurately categorize newborns who require weight-specific interventions, including antibiotic treatment 21 or 30 Where incorrect classifications were made by the BIRTHweigh III scale, the majority of the true weights fell within 100 g of the assigned category, thus limiting the risk posed by over-or underdosing of antibiotic or other weight-dependent treatment. The test scale can be used for screening where conventional scales are otherwise impractical, and can aid in early identification and management, including referral, where appropriate, of LBW newborns. These findings confirm those of a recent validation study of the same test scale in Nepal. 29 Acceptance of the BIRTHweigh III scale by the rural Indian community was nearly universal. CHWs appreciated the ability to read the scale by color only, or in the dark of the 'saur'. A simple and inexpensive scale that can be interpreted by those with limited or no literacy is an essential public health tool in communities that rely on minimally trained or traditional health workers. Confusion over the interpretation of numeric weights is eliminated, allowing care-seeking or referral to be initiated quickly and without doubt, which is of great importance in rural and resource-poor regions with limited access to formal health services.
Bias was limited during weighing, as the CHWs recorded the weight of the newborn using the BIRTHweigh III scale first, and then the Seca scale, thus ensuring that they did not know the newborn's true weight while taking the BIRTHweigh III scale measurement. CHWs were well trained and supervised. While neither scale type was calibrated in the field, all devices were factory calibrated and validated daily using known weights. Further, the BIRTHweigh scale is tested for accuracy over 10 000 cycles of normal use in the laboratory before release for field use. There is no evidence that the BIRTHweigh III scale lost accuracy over the study period; rather, agreement between the test and validation devices increased as the study progressed, possibly due to improved methods of use by the CHWs.
Local knowledge was often discordant with the intended rationale and uses of weighing scales by the project health team. Community perceptions and attitudes toward newborn weight and weighing must be explored further to determine how to best educate RDW and other caregivers about the scale device as well as the process and rationale for weighing.
Training materials used in this study were developed from the experiences of the Nepal validation study, which used CHWs who were highly trained and experienced. 29 While this study was able to produce nearly identical results using CHWs with a lesser level of training and experience, the appropriateness of training materials should be examined for a variety of levels of education and experience. Training for CHWs in management of and care-seeking for LBW or VLBW babies is needed. Finally, attempts should be made to train female workers in the device's use, as women are accepted more readily into the 'saur'.
The issues of cost and accessibility will continue to be addressed as the BIRTHweigh III scale moves beyond the prototype phase. The target cost for the BIRTHweigh III device is <US $5 per scale. Upon identification of appropriate users of the scale, both in the public and private sectors, the logistics and system requirements for the delivery of the scale will need to be addressed. Given the market factors surrounding the device, such as small proven market potential, uncertain demand and low cost requirements, the optimal solution may be for the public sector to invest enough resources to finish the remaining product development activities, identify an appropriate manufacturer and conduct a low-volume technology transfer. This would ensure that quantities of a highquality product would be available as programs evaluate its use.
Finally, the requirement of removing clothing before weighing could increase the risk of hypothermia, especially among LBW newborns. This risk, which is relevant without regard to scale type, requires further study.
In conclusion, this study validated the accuracy and acceptability of the BIRTHweigh III scale in a rural Indian community with high rates of home deliveries and low levels of literacy and formal health services. The ability of a handheld scale to categorize newborns into three risk-related weight categories aids the targeting of potentially life-saving referral and treatment. The scale's ease of use and practicality makes it well suited to numerous communities in the developing world where most death and disability occur. 
